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OptimizationAbstract In this paper, Gravitational Search Algorithm (GSA) is used as optimization method in
reactive power planning using FACTS (Flexible AC transmission system) devices. The planning
problem is formulated as a single objective optimization problem where the real power loss and
bus voltage deviations are minimized under different loading conditions. GSA based optimization
algorithm and particle swarm optimization techniques (PSO) are applied on IEEE 30 bus system.
Results show that GSA can also be a very effective tool for reactive power planning.
 2015 Faculty of Engineering, Ain Shams University. Production and hosting by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Reactive power planning is one of the most difﬁcult optimiza-
tion problem of power system. It requires effective control of
reactive power generation by the all reactive power sources
present in the system. The sources of reactive power are
generators, tap changing transformers, static capacitors, etc.
Reactive power optimization problem mainly deals with the
minimization of active power loss. It is also observed that
the optimum use of the above mentioned reactive power
sources reduces active power loss to a certain extent. Now if
FACTS devices like SVC and TCSC are used simultaneously
with the existing reactive power sources present in the system,not only the transmission loss reduces signiﬁcantly but also
satisfactory improvement of the voltage proﬁle is observed
through the entire power network. Hence, the problem that
has to be solved in a reactive power optimization problem is
to determine the reactive power generation by the all sources,
so as to optimize a certain optimization problem.
The concept of Flexible AC transmission system (FACTS)
was ﬁrst introduced by Hingorani [1] in 1988. Use of static
phase shifters and FACTS controllers to increase power trans-
fer capacity in transmission lines is described in [2]. A detail
discussion for the optimum placement of FACTS devices is
presented in [3]. Improvement in power ﬂow control with
FACTS devices is presented in [4]. Power ﬂow control
approach in consideration with available transfer capacity
using FACTS devices is discussed in [5]. The placement of dif-
ferent type of FACTS devices in a power system using Genetic
Algorithm is discussed in [6]. This paper shows how the system
loadability improves with simultaneous use of multi type
FACTS devices. A hybrid Genetic Algorithmic approach with
FACTS devices for optimal power ﬂow is dealt in [7]. Solution
technique for the power ﬂow problem with multi type FACTS
devices is presented in [8]. Utility of different types of FACTS
866 B. Bhattacharyya, S. Kumardevices in deregulated electricity market is explained in [9].
Enhancement of available transfer capacity with FACTS
devices is described in [10]. Optimal reactive power dispatch
along with the setting of switchable series and shunt FACTS
devices is presented in [11]. Sensitivity analysis and linear pro-
gramming technique are presented for the optimal location
and size of Static Var Compensator (SVC) in a connected
power system in [12]. Optimal placement of Thyristor
Controlled Series Capacitor (TCSC) for increasing loadability
and minimizing transmission loss by Genetic Algorithm (GA)
is presented in [13]. Loss sensitivity approach is applied for the
optimal placement of Var sources in [14]. Applicability of dif-
ferent computational algorithms for load ability enhancement
with FACTS devices is presented in [15]. An optimization
method is used in [16] to reduce active power loss by network
reconﬁguration. Optimal placement of capacitor in a radial
distribution system is presented in [17].
In order to minimize active power losses, improve the volt-
age proﬁle and enhance the voltage stability, Gravitational
Search Algorithm (GSA) is proposed in [18]. In [19] network
reconﬁguration problem has been discussed and network
losses are reduced using GSA. Opposition-based gravitational
search algorithm is used in [20] to ﬁnd the settings of control
variables such as generator voltages, tap positions of tap
changing transformers and amount of reactive compensation
to optimize certain objectives. In [21], simulation results
indicate that GSA provides effective and robust high-quality
solution for the OPF problem.
In the present work, gravitational search algorithm is used
to coordinate two types of FACTS devices, namely SVC and
TCSC with the reactive generation of the generators and the
transformer tap setting arrangement to minimize the
transmission of loss of the system.
2. Problem formulation
The objective of the proposed work was to minimize the
transmission loss of the system using FACTS devices under
different loading conditions. Increase in transmission loss as
well as problem of voltage stability is the main concern with
the increased load. So, when the system loading is increased
gradually, it requires reactive power support to maintain
voltage stability. Hence the main aim of the present work
was to reduce the real power loss which is expressed by
Eq. (1) and to minimize voltage deviation at weak buses under
different loading conditions.
PL ¼
Xn
x ¼ 1
k ¼ ði; jÞ
gxðm2i þ m2j  2mimjCoshijÞ ð1Þ
Hence the objective of the present work was transmission
loss minimization problem subject to the satisfaction of
following equality and inequality constraints.
From the Eq. (1), it is evident that the active power loss is
function of the bus voltages, their phase angles and lineFigure 1 Agents of GSA and PSO within a string.conductance. Existing Var sources present in the power net-
work i.e. generators, OLTCs, static capacitor, improve voltage
proﬁle to certain extent but has no role in changing line con-
ductance. TCSC is one FACTS controller that changes line
reactance and has great impact in power ﬂow control. It also
has a vital role in limiting line conductance, which is one of
the important parameter for the reduction of transmission loss
as observed from Eq. (1). SVC is the other kind of FACTS
devices that injects reactive power into the system and has
important role in improving the voltage proﬁle of the entire
power network. Hence effective placement of SVC at weak
nodes is one of the key issues for the minimization of the trans-
mission losses. Lastly total operating cost of the system is cal-
culated which is nothing but the addition of cost of energy loss
and the cost of the FACTS controller. Here the objective func-
tion becomes minimization of total operating cost which is the
sum of the cost due to energy loss and the cost of the FACTS
devices.
Cost function of FACTS devices is as follows:
CostSVC ¼ 0:0003ðSÞ2  0:3051ðSÞ þ 127:38ðUS$=kVarÞ ð2Þ
CostTCSC ¼ 0:0015ðSÞ2  0:7130ðSÞ þ 153:75ðUS$=kVarÞ ð3Þ
where S = operating value of FACTS devices. Energy cost is
taken as 0.06 $/Kwh and cost function of the FACTS devices
is taken from [9]. Therefore the objective function to be mini-
mized can be expressed as
CostTotal ¼ CostEnergy Loss þ CostSVC þ CostTCSC ð4Þ
where, cost due to energy loss is the cost due to active power
loss.
Equality constraints:-
Nodal active and reactive power balance
Pgi  Pdi  Vi
Xn
j¼1
ðGijCoshij þ BijSinhijÞ ¼ 0 ð5Þ
Qgi Qdi  Vi
Xn
j¼1
VjðGijSinhij  Bij ln hijÞ ¼ 0 ð6Þ
where Pgi , Pdi are the active power generation and demand at
its lines.Qgi , Qdi are the reactive power generation and demand
at its lines. G and B are the real and imaginary part of admit-
tance lines matrix i.e. Conductance and Susceptance
respectively.
Inequality constraints:-
(i) Voltage magnitude constraintsVmini 6 Vi < Vmaxi ð7Þ(ii) OLTC constraintsTminK < TK < T
max
K ð8Þ(iii) Nodal reactive generation constraints by the genarators,
TCSC and SVC in togetherQminCi 6 QCi 6 Q
max
Ci
ð9ÞIn an interconnected power network, reactive generation by
the generators and the transformer tap setting arrangements are
the sources of reactive power. In the present problem, two types
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SVC (Static Var Compensator) and the other is TCSC
(Thyristor Controlled Switched Capacitor) are used.
Therefore, these two types of FACTS devices are to be properly
coordinated with the reactive power generations by the genera-
tors and the transformer tap setting arrangements to extract
maximum beneﬁt. SVC (Static Var Compensator) supports
reactive power at weak buses and TCSC (Thyristor
Controlled Switched Capacitor) modiﬁes line reactance in order
to control both active and reactive power. It has been observed
that effective coordination of all reactive power sources includ-
ing FACTS devices not only reduces active power loss but also
reduces transmission congestion at all cases loading.
Each agent of GSA or PSO is represented by a solution
string as shown in Fig. 1. Each agent consists of variables
whose values are to be optimized.
In the present problem two types of FACTS controller are
used with two reactive power sources (i) generator connected
at PV buses, (ii) Transformer tap changers.
There are ﬁve generator buses and four transformer tap set-
ting arrangements in standard IEEE 30 bus system. Besides
that four TCSC’s positions are deﬁned at lines 25, 41, 28, 5
respectively and similarly four SVC’s positions are determined
at bus number 21, 7, 17 and 15.
TCSC’s and SVC’s positions are determined by power ﬂow
analysis. It is found that without Var support, lines 25, 41 , 28,
and 5 carry high reactive power and problem becomes worsen
with increase of reactive load. Similarly with gradual increase
of load, voltage magnitude of 21st, 7th, 17th and 15th buses
reduces at a rapid rate compared to the other buses.
3. Gravitational search algorithm
Gravitational search algorithm is a meta heuristic optimization
technique based on Newton’s law of gravity and motion. This
algorithm was ﬁrst developed by Rashedi et al. [22] in 2009.
The working of this algorithm is greatly inﬂuenced by the
motion and the mass of agents. Each agent experiences grav-
itational force of attraction with other agents present in the
search space. Fitness of agents in the search space is character-
ized by their masses. Hence, GSA can be considered as collec-
tion of different masses. Heavier mass has bigger attraction
force and attracts other masses with a force proportional to
the product of their masses and inversely proportional to the
distance (not the square of distance) between masses.
The position of a mass corresponds to solution in the search
space. In due course of time all the masses or the agents will be
attracted by the heaviest mass and the heaviest mass will repre-
sent the optimum solution in the search space.
Initially, N number of agent are created and their positions
are deﬁned by
Xi ¼ x1i . . . . . . . . . . . . xni
  ð10Þ
For i= 1, 2, . . ., N
Force of attraction between an active gravitational mass and
a passive gravitational mass at any speciﬁc time t is given by
FijðtÞ ¼ GðtÞ:MpiðtÞ MajðtÞ
RijðtÞþ 2 XjðtÞ  XiðtÞ
  ð11Þ
where Mpi is the passive gravitational mass which is ith agent
and Maj is the active gravitational mass which is the jth agent.Rij is the Euclidian distance between the ith and jth mass. 2 is a
small constant. The passive gravitational mass is attracted
towards active gravitational mass.
Total force on ith agent is given by
FiðtÞ ¼
X
i¼1;j–1
ðrandÞ  FijðtÞ ð12Þ
where rand is a random number in the interval [0,1]
The acceleration of the ith agent at time t is given by
aiðtÞ ¼ FiðtÞMiðtÞ.
Gravitational constant G(t), at time t is computed as
follows:
GðtÞ ¼ G0 exp a t
T
 
ð13Þ
where G0 is the initial value of the Gravitational constant,
chosen randomly, a is a constant, t is the current generation
and T is the total number of generations.
The velocity and the position of the ith agent are updated
by the following equation:
Viðtþ 1Þ ¼ randi  ViðtÞ þ aiðtÞ ð14Þ
Xiðtþ 1Þ ¼ XiðtÞ þ Viðtþ 1Þ ð15Þ
Mass of each agent is determined by its ﬁtness. The masses
of agents are updated by the following eqn.
MiðtÞ ¼ miðtÞPn
j¼1mjðtÞ
ð16Þ
where
miðtÞ ¼ fitiðtÞ  worstðtÞ
bestðtÞ  worstðtÞ
In the present problem reactive power sources along with
the amount of FACTS devices are represented by a string
and each string is nothing but the solution agent in the search
space. Each agent will have mass according to their ﬁtness
value evaluated from the objective function.
4. Result and discussion
Here GSA and PSO based optimization techniques are applied
on IEEE 30 bus system. Variation of active power loss with
number of trials for different loading cases is shown by
Figs. 2–4 respectively. Table 1 shows reactive power ﬂow in
lines before and after reactive sources allocation by GSA
and PSO based method for 200% base loading. Active power
loss, total operating cost and net saving of the system with dif-
ferent number of FACTS devices using GSA based algorithm
under different loading conditions are illustrated in Table 2.
From Table 2, it is observed that GSA based optimization
technique gives best result in all respect with four number of
SVC and four number of TCSC.
Finally, the effectiveness of GSA technique is validated by
comparing the results with PSO based approach using four
number of SVC and four number of TCSC under different
loading conditions. A comparative analysis of GSA based
approach with PSO technique is given in Table 3. Table 3
shows active power loss and operating cost of the system
before and after reactive compensation by GSA and PSO for
different cases of loading.
Figure 2 Variation of active power loss with generation for base
reactive loading using PSO and GSA.
Figure 3 Variation of active power loss with generation for
150% of base reactive loading using PSO and GSA.
Figure 4 Variation of active power loss with generation for
200% of base reactive loading using PSO and GSA.
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generator buses before and after Var allocation by GSA and
PSO technique in case of 200% of base loading.
Bus voltage magnitude with and without FACTS devices
using both GSA and PSO based methods is given in Table 5.
It is observed from Table 1, reactive power ﬂow reduces
considerably in the lines after Var compensation by FACTS
devices and other reactive sources present in the system.
How the reactive power ﬂow pattern is redistributed after reac-
tive compensation is also observed from Table 1. From
Table 4, it is seen that voltage proﬁle of weak nodes increased
considerably by GSA based method even at 200% of base
loading.Table 1 Reactive power ﬂow with and without FACTS
devices for 200% base load using PSO and GSA in IEEE 30
bus.
Line
no.
200% Base
reactive load
without
FACTS (pu)
200% Base
reactive load with
FACTS using
PSO (pu)
200% Base
reactive load with
FACTS using
GSA (pu)
1 0.0126 0.0086 0.0133
2 0.0345 0.1173 0.0186
3 0.0136 0.0907 0.0333
4 0.0025 0.0785 0.0180
5 0.0384 0.0376 0.0387
6 0.0107 0.0567 0.0383
7 0.0086 0.1371 0.0264
8 0.1105 0.1094 0.0653
9 0.1032 0.0422 0.0968
10 0.1572 0.4451 0.0437
11 0.0386 0.2859 0.0537
12 0.0270 0.0494 0.0633
13 0.3254 0.1035 0.3862
14 0.2064 0.3337 0.1955
15 0.0016 0.0477 0.1505
16 0.4747 0.6118 0.6525
17 0.0497 0.0223 0.0318
18 0.1365 0.0252 0.0642
19 0.0692 0.0612 0.0206
20 0.0155 0.0111 0.0019
21 0.0313 0.0986 0.0164
22 0.0380 0.0347 0.0237
23 0.0188 0.0535 0.0048
24 0.0493 0.1219 0.0633
25 0.0664 0.1436 0.0813
26 0.0860 0.2208 0.0854
27 0.1925 0.1647 0.0803
28 0.0883 0.0882 0.0427
29 0.0361 0.0499 0.0264
30 0.0576 0.0047 0.0313
31 0.0500 0.1359 0.0679
32 0.0244 0.0370 0.0013
33 0.0235 0.0012 0.0322
34 0.0474 0.0474 0.0474
35 0.0712 0.0486 0.0801
36 0.0345 0.0113 0.0448
37 0.0315 0.0315 0.0315
38 0.0309 0.0309 0.0309
39 0.0114 0.0114 0.0114
40 0.0539 0.0952 0.0382
41 0.0751 0.0078 0.1027P
qflow 0.5489 0.1810 0.1694
Table 2 Comparative analysis of active power loss and operating cost for different number of FACTS devices using GSA.
Reactive
loading
(%)
Active power loss
without FACTS
in (pu)
Operating cost
due to energy loss
(in $) (A)
Types of FACTS
devices
Active power loss with
FACTS using GSA
approach in (pu)
Operating cost (in $)
(B) by GSA
approach (in $)
Net saving (A and
B) GSA approach
(in $)
100 0.0711 3737016 SVC(7, 15) 0.05086 2.6732 · 106 1063815
TCSC(5,25)
SVC(7,15,17) 0.04960 2.6072 · 106 1129815
TCSC(5,25,28)
SVC(7,15,17,21) 0.03904 2.1904 · 106 1546616
TCSC(5,25,28,41)
150 0.0742 3899952 SVC(7, 15) 0.06187 3.2510 · 106 648951
TCSC(5,25)
TCSC(5,25,28,41)
SVC(7,15,17) 0.05578 2.9319 · 106 968051
TCSC(5,25,28)
SVC(7,15,17,21) 0.04349 2.3810 · 106 1518952
200 0.0795 4178520 SVC(7, 15) 0.06705 3.5241 · 106 654419
TCSC(5,25)
SVC(7,15,17) 0.06550 3.4431 · 106 735419
TCSC(5,25,28)
SVC(7,15,17,21) 0.05507 3.1383 · 106 1040220
TCSC(5,25,28,41)
Table 3 Comparative analysis of active power loss and operating cost using PSO and GSA methods.
Reactive
loading
(%)
Operating
cost due to
energy loss
(in $) (A)
Operating
cost (in $)
(B) by GSA
approach
Operating
cost (in $)
(C) by PSO
approach
Active power
loss without
FACTS
devices (pu)
Active power loss
with FACTS
devices (pu) by
PSO approach
Active power loss
with FACTS
devices (pu) by
GSA approach
Net saving
(A and B)
GSA
approach
(in $)
Net saving
(A and C)
PSO
approach
(in $)
100 3737016 2.1904 · 106 2.405 · 106 0.0711 0.0445 0.03904 1546616 1331816
150 3899952 2.3810 · 106 2.608 · 106 0.0742 0.0478 0.04349 1518952 1291952
200 4178520 3.1383 · 106 3.446 · 106 0.0795 0.0637 0.05507 1040220 732520
Table 4 Voltage magnitudes and magnitudes of FACTS devices and other reactive power sources for different loading using PSO and
GSA.
Variables Base loading
using PSO in
(pu)
Base loading
using GSA in
(pu)
150% of base
loading using PSO
in (pu)
150% of base
loading using GSA
in (pu)
200% of base
loading using
PSO in (pu)
200% of base
loading using GSA
in (pu)
V1 1.0500 1.0500 1.0500 1.0500 1.0500 1.0500
V2 1.0338 1.0570 1.0338 1.1015 1.0338 1.0074
V5 1.0058 1.0058 1.0058 1.0221 1.0058 1.0058
V8 1.0230 1.0411 1.0230 1.0143 1.0230 1.0258
V11 1.0913 1.0275 1.0913 1.0302 1.0913 1.1088
V13 1.0883 1.0214 1.0883 1.0324 1.0883 1.0116
Qg2 0.6000 0.6000 0.6000 0.1924 0.6000 0.0200
Qg5 0.0000 0.6250 0.0000 0.6250 0.0000 0.4916
Qg8 0.0000 0.1491 0.0000 0.1499 0.0000 0.4337
Qg11 0.4000 0.4000 0.2474 0.4000 0.3168 0.3382
Qg13 0.0000 0.2736 0.0000 0.2848 0.0000 0.2588
QSVC (7) 0.0000 0.0000 0.0869 0.0500 0.1457 0.0500
QSVC (15) 0.0000 0.0120 0.0000 0.1500 0.0000 0.0500
QSVC (17) 0.0000 0.0000 0.0000 0.0500 0.0000 0.0500
QSVC (21) 0.0000 0.0000 0.1510 0.0500 0.1089 0.1800
QTCSC (2–5) 0.1463 0.0600 0.1463 0.0600 0.1463 0.0600
QTCSC (10–20) 0.0419 0.0600 0.0419 0.0600 0.0419 0.0600
QTCSC (10–22) 0.1049 0.0600 0.1049 0.0600 0.1049 0.0600
QTCSC (6–28) 0.1388 0.0600 0.1388 0.0600 0.1388 0.0600
tn (6–9) 0.9000 1.1000 0.9000 1.1000 0.9000 1.0500
tn (6–10) 0.9000 0.9000 0.9000 0.9000 0.9000 1.0500
tn (4–12) 0.9200 1.1000 0.9358 1.1000 0.9483 1.0500
tn (28–27) 0.9000 0.9000 0.9000 0.9000 0.9000 0.9500
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Table 5 Bus voltage magnitude with and without FACTS
devices for 200% of base reactive loading using PSO and GSA.
Bus
no.
Bus voltage at
200% of base
reactive loading
without FACTS
(pu)
Bus voltages at
200% of base
reactive loading
with FACTS
using PSO (pu)
Bus voltages at
200% of base
reactive loading
with FACTS
using GSA (pu)
1 1.0500 1.0500 1.0500
2 1.0338 1.0338 1.0338
3 1.0266 1.0120 1.0295
4 1.0211 1.0034 1.0246
5 1.0058 1.0058 1.0058
6 1.0164 1.0043 1.0211
7 0.9990 0.9988 1.0043
8 1.0230 1.0230 1.0230
9 1.0246 1.0706 1.0112
10 1.0031 1.0370 0.9906
11 1.0913 1.0913 1.0913
12 1.0231 0.9922 0.9910
13 1.0883 1.0883 1.0883
14 1.0011 0.9778 0.9736
15 0.9942 0.9783 0.9713
16 1.0031 0.9993 0.9807
17 0.9941 1.0168 0.9814
18 0.9794 0.9811 0.9598
19 0.9751 0.9873 0.9576
20 0.9809 0.9985 0.9646
21 0.9832 1.0193 0.9790
22 0.9842 1.0181 0.9786
23 0.9773 0.9754 0.9603
24 0.9681 0.9847 0.9592
25 0.9777 0.9849 0.9738
26 0.9500 0.9574 0.9459
27 0.9979 0.9991 0.9970
28 1.0098 1.0017 1.0128
29 0.9713 0.9726 0.9704
30 0.9570 0.9582 0.9560
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reduces considerably by Var compensation using both PSO
and GSA in all cases of loading.
If GSA and PSO methods are compared, it is found that
active power loss is considerably less in GSA for all cases of
loading as observed from Table 3. From the convergence char-
acteristics, it is observed, though PSO convergence is earlier
than GSA based method but ultimately active power loss
becomes smaller in GSA than PSO which is observed in all
cases. Operating cost in GSA based method is less in all cases
of loading compared to PSO based method of reactive com-
pensation. Net saving is also signiﬁcantly less in GSA based
method compared to PSO approach for all cases of loading.
Both PSO and GSA based optimization methods were car-
ried out 40 (forty) number of population and 100 (hundred)
number of iterations.
5. Conclusion
In the proposed work, GSA based optimization technique is
applied for effective co-ordination of series and shunt
FACTS devices with the other Var sources present in a con-
nected power system. Result obtained by the GSA basedoptimization Algorithm is compared with the result obtained
by another well known optimization technique like PSO.
From the results, it is clear that GSA yields better result than
PSO in all cases of loading. Transmission congestion and
active power loss reduce considerably. Hence GSA may be
considered as a very good optimization technique in the area
of power system planning.References
[1] Hingorani N. Flexible AC transmission. IEEE Spect 1993;30(4):
40–5.
[2] Nelson R, Bian J, Williams S. Transmission series power ﬂow
control. IEEE Trans Power Deli 1995;10(1):504–10.
[3] Lie TT, Deng W. Optimal ﬂexible ac transmission systems
(FACTS) devices allocation. Int J Electr Power Energy Syst
1997;19(2):125–34.
[4] Gotham DJ, Heydt GT. Power ﬂow control and power ﬂow
studies for system with FACTS devices. IEEE Trans Power Syst
1998;13(1):60–5.
[5] Xiao Y, Song YH, Sun YZ. Power ﬂow control approach to
power systems with embedded FACTS devices. IEEE Trans
Power Syst 2000;17(4):943–50.
[6] Gerbex S, Cherkaoui R, Germond AJ. Optimal location of multi-
type FACTS devices in a power system by means of genetic
algorithms. IEEE Trans Power Syst 2001;16(3):537–44.
[7] Chung TS, Li YZ. A hybrid GA approach for OPF with
consideration of FACTS devices. IEEE Power Eng Rev
2000:54–7.
[8] Pandhy Narayana Prasad, Abdel Moamen MA. Power ﬂow
control and solutions with multiple and multi-type FACTS
devices. Electr Power Syst Res 2005;74:341–51.
[9] Cai LJ. Optimal choice and allocation of FACTS devices in
deregulated electricity market using genetic algorithms, 0–7803-
8718-X/04/2$20.00,@2004 IEEE, 2004.
[10] Xiao Y, Song YH, Chen-Ching Liu, Sun YZ. Available transfer
capability enhancement using FACTS devices. IEEE Trans Power
Syst 2009;18(1):305–12.
[11] Preedavichit P, Srivastava SC. Optimal reactive power dispatch
considering FACTS devices. Electr Power Syst Res 1998;46(3):
251–7. http://dx.doi.org/10.1016/S0378-7796(98)00075-3, ISSN
0378-7796.
[12] Ibrahim E, Abusorrah A. Optimal allocations of SVCs for
improvement of power system performance. Electr Power Comp
Syst 2003;31(1):27–46. http://dx.doi.org/10.1080/153250003901
12044, ISSN 1532-5008.
[13] Abdelaziz AY, EL-Sharkawy MA, Attia MA. Optimal location of
thyristor-controlled series compensators in power systems for
increasing loadability by genetic algorithm. Electr Power Comp
Syst 2011;39(13):1373–87. http://dx.doi.org/10.1080/15325008.
200.584108, ISSN 1532-5008.
[14] Bhattacharyya B, Goswami SK, Bansal RC. Loss sensitivity
approach in evolutionary algorithms for reactive power planning.
Electr Power Compon Syst 2009;37(3):287–99. http://dx.doi.org/
10.1080/15325000802454468, ISSN 0378–7796.
[15] Nagalakshmi S, Kamaraj N. Comparison of computational
intelligence algorithms for loadability enhancement of restruc-
tured power system with FACTS devices. Swarm Evol
Comput 2012;5:17–27. http://dx.doi.org/10.1016/j.swevo.2012.02.
002, ISSN 2210-6502.
[16] Vitorino RM, Jorge HM, Neves LP. Loss and reliability
optimization for power distribution system operation. Electr
Power Syst Res 2013;96:177–84. http://dx.doi.org/10.1016/
j.epsr.2012.11.002, ISSN 0378-7796.
[17] Abul’wafa AR. Optimal capacitor allocation in radial distribution
systems for loss reduction: a two stage method. Electr Power Syst
Reactive power planning with FACTS devices 871Res 2013;95:168–74. http://dx.doi.org/10.1016/j.epsr.2012.09.004,
ISSN 0378-7796.
[18] Duman S, Sonmez Y, Guvenc U, Yorukeren N. Optimal reactive
power dispatch using a gravitational search algorithm. IET Gen
Trans Distrib 2012;6(6):563–76.
[19] Mohamed Shuaib Y, Surya Kalavathi M, Christober Asir Rajan
C. Optimal reconﬁguration in radial distribution system using
gravitational search algorithm. Electr Compon Syst 2014;42(7):
703–15.[20] Shaw Binod, Mukherjee V, Ghoshal SP. Solution of reactive
power dispatch of power systems by an opposition-based grav-
itational search algorithm. Electr Power Energy Syst 2014;55:
29–40.
[21] Duman Serhat, Guvenc Ugur, Sonmez Yusuf, Yorukeren Nuran.
Optimal power ﬂow using gravitational search algorithm. Energy
Convers Manage 2012;59:86–95.
[22] Rashedi Esmat, Pour Hossein Nezamabadi, Saryazdi Saeid. GSA,
a gravitational search algorithm. Inf Sci 2009;179:2232–48.
